ABSTRACT
INTRODUCTION
Electric discharge machining (EDM) is one of the most popular machining methods to manufacture dies and press tools because of its capability to produce complicated shapes and machine very hard materials. But the low machining efficiency and poor surface quality are the major drawbacks of this process which restricts its use in mechanical manufacturing. To overcome these drawbacks and to enhance process capabilities researchers did a lot of works, as rotating of electrode, orbiting of electrode, application of ultrasonic vibrations and addition of powders in dielectric fluid of EDM,...
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Past research into powder mixed electric discharge machining (PMEDM) methods have proven promising as methods to improve both the productivity and quality in electric discharge machining (EDM). A suitable powder is mixed into the dielectric fluid used in EDM, which can lead to both an increased MRR and TWR. In addition, SR can be reduced and the microhardness (HV) of the surface machining can be greatly increased. The Productivity and quality of surface machining of EDM can be increased with Al powder mixed into the dielectric fluid [1, 2] . Taguchi method has been widely used to optimize quality characteristics in the field of EDM [3] . The Gr powder helped to increase the MRR, while SiC powder helped to reduce the TWR [4] . The results showed that using powder reduces the TWR. Conversely, an increase in current and pulse on time increased the TWR. Taguchi's method was used to evaluate the level of influence of aluminum powder on SR during machining of a H13 workpiece [5] . Negative electrode polarity and Al powder mixed into the dielectric fluid helped to reduce SR. An optimal value of MRR was determined by Taguchi's method [6] . Powder mixed in the dielectric fluid led to an increased MRR and the maximum value of the MRR obtained was 12.47 mm 3 /min with powder concentrations of 6 g/l. During the machining of EN31 steel using a PMEDM process, MRR and SR were optimized [7] . The results showed that the MRR and SR were strongly influenced by the concentration of powder and the intensity of electrical discharge. The PMEDM process efficiency was better than that of the EDM process [8] .This contributed to the effectiveness of the PMEDM method. Three different powder materials were used, namely Gr powder, SiC, and Al2O3, in the dielectric media.
The Gr powder helped to increase the MRR, while SiC powder helped to reduce the TWR [9] .
By using SiC powder, the productivity of the EDM process improved significantly during the machining of WC [10] . The MRR was increased by 90% in comparison to the EDM process. The TWR and SR were reduced when mixed powder was added to the dielectric fluid [11] .
From the available literature, it was concluded that the few researchers investigated the effect of powder particles mixed in dielectric fluid by taking electrical parameters as process input parameters. But no work is reported on the influence of process input parameters during PMEDM using powder titanium of die steels. The intent of the present study is to study the effect of different input parameters, namely, current, workpiece material, electrode material, electrode polarity, pulse on time, pulse off time and powder concentration and some their interactions on TWR. The effects of various input parameters on output responses have been analyzed using Analysis of Variance (ANOVA). Main effect plot and interaction plot for significant factors and S/N ratio have been used to determine the optimal design for each output response. An electrical discharge machine, AG40L
(Sodick, Inc. USA), was used. A schematic experiment is shown in Figure 1 . The tank was made of CT3 steel with size 330x180x320 mm and motor shafts were fitted by stirring at 100 rev/min with titanium powder were mixed into the dielectric fluid (oil HD-1) during the experiment (see also Figure 1 ). The workpiece materials included SKD61, SKD11, and SKT4 mound steel, where the common type used in industry standards were selected for this study.
Samples measured 45x27x10mm. Furthermore, Cu, Gr are among the two materials most commonly used, and have been a focus of recent research. The electrode was shaped into a circular cylinder and it had a diameter measuring 23 mm. The size of the particle of titanium powder measuring 45μm were selected and mixed into the dielectric fluid. 
Experimental Methods
Taguchi Method
The Taguchi method is used to design experiments based on orthogonal matrix, specific to Taguchi, and is used to assess the process parameters. The experimental parameters could receive more than two levels, including a communication between the different possibilities that exist in an experimental design. The experimental design of Taguchi method was implemented by the orthogonal matrix (table) -The higher-the-better:
Where, r represents some the number of repetitions, and yi is the value of experiment results.
-The Normal -the best:
Where, y0 represents the standard values or target values.
-The Lower-the-better:
Where, yi is the overall typical value of each experiment.
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Selection of factors and interaction
In the current study, the interaction effects of the input parameters were considered, as shown in Table 1 . In the field of PMEDM, researchers have studied the effect of powder size, workpiece material, electrode material, current, pulse-on time, and pulse-off time. In this study, the interaction terms were considered, specifically workpiece material, x-electrode material (AXB), workpiece material, x-powder concentration (AxG), and electrode material xpowder concentration (BxG). Taguchi's orthogonal array's was used for designing the experiments. There are many orthogonal array's available in the Taguchi's method, therefore selection depended upon the number of factors and degrees of freedom of each factor. In this study, seven main factors were considered, out of which, two factors were at two levels, each having one degree of freedom. Five of the main factors had three levels, with each having two degrees of freedom. Also, the study considered three interaction terms. Thus, the total sum of degrees of freedom, including the main factors as well as the interaction terms, was 20.
Therefore, based on the 20 degrees of freedom, the L27 orthogonal array suited the present requirements as it had 26 degrees of freedom. The remaining 6 degrees of freedom were assigned as random error. The 27 trial conditions represented by Taguchi's L27 are given in Table  2 . The dummy treated levels are marked by using * against the repeated level. 
Results and discussion
Result of experiments
TWR of each sample is calculated from weight difference of tool electrode before and after the performance trial, which is given by (4). The results for TWR for each of the 27 treatment conditions with each experiment was repeated three times. The results were processed by Minitab 17 to determine the mean value of the machining characteristics as well as the coefficient, S/N. The results are given in Table 3 . 
Tf -Final weight of tool electrode (g). t -Time period of trails in minutes (t = 20min).
T -Density of tool electrode.
Optimal design for TWR
The S/N ratio consolidates several repetitions into one value and is an indication of the amount of variation present. The S/N ratios have been calculated to identify the major contributing factors and interactions that cause variation in the TWR. TWR is 'Lower is better' type response which is given by (3).
An analysis of variance (ANOVA) was verified for the signal to noise ratio of both the main and and interaction terms. The F values of the parameters have shown which parameters were the most influential on providing the optimal values of the TWR. Table 3 shows the ANOVA for S/N ratio for TWR at 90% confidence interval. The electrode material (F value 25.48), current (F value 4.71), interaction between workpiece and powder concentration (F value 3.51) factors that affects the TWR. All remaining factors and the interactions are insignificant to affect TWR, table 9. It is observed that the electrode materialis the most significant factor which contributes TWR followed by current and AxG, table 4. 
Estimated value of the W
T R at optimal conditions: Reasonable process parameters of the TWR consisted of the following: A2, B1, C1, D2, E1, F2, and G2, of which two electrode material parameters (B) and current (E) had a strong influence on the TWR. The TWR's value was determined by the formula given in equation (5): 2 3 1 2 1 , , ,
W 2
In this equation, 1 
Confirmation Experiments: Confirmation
Experiments were conducted with the process parameters determined through calculations of the SKD11 workpiece material, the Cu electrode, the electrode polarization agreement, pulse duration of 10 μs, a current of 4 A, the horizontal development pulse of 57 μs, and powder concentration of 10 g/L. The results of the TWR = 2,93 mm3/min, and the difference between the calculated results and the experimental results was 4.1%.
CONCLUSIONS
From the experimental work, an optimal set of process variables that yields the optimum quality features to machined parts produced by PMEDM using tiatanium powder has also been obtained. The use of the Taguchi method to optimize individual quality TWR of machining process was refined by. In S/N ratio, the electrode material is the most significant in affecting TWR followed by current, interaction between workpiece and powder concetration. The best results for TWR would be suggested if SKD11 workpiece machined at current 4 Amp and pulse on time10 µsec and pulse of time 57 μs, with copper electrode and powder concentration of 10 g/l. The mean value with 90% confidence interval was found to be 3.092±0.55 mm 3 /min.
The optimal sets of process parameters were obtained for various performance measures using Taguchi"s design of experiment methodology. 
